Study Objectives: Burnout is a growing health problem in Western society. This study aimed to investigate sleep in subjects scoring high on burnout but still at work. The purpose was also to study the diurnal pattern of sleepiness, as well as ratings of work stress and mood in groups with different burnout scores. Design: Sleep was recorded in 2 groups (high vs low on burnout) during 2 nights; 1 before a workday and 1 before a day off, in a balanced order. Sleepiness ratings as well as daytime diary ratings were analyzed for the workday and the day off after the sleep recordings. Setting: The polysomnographic recordings were made in the subjects' home. Participants: Twenty-four healthy individuals (14 women and 10 men) between the ages of 24 and 43 years participated. Interventions: N/A. Measurements and Results: A higher frequency of arousals during sleep (Workday: high burnout = 12 ± 1 per hour, low burnout = 8 ± 1 per hour;
INTRODUCTION
BURNOUT IS A GROWING HEALTH PROBLEM IN MANY WESTERN COUNTRIES. 1, 2 The characteristic clinical symptoms of the condition are excessive and persistent fatigue, emotional distress, and cognitive dysfunction. [3] [4] [5] [6] The symptomatology is shared to some extent with disorders such as depression, 7 chronic fatigue syndrome 8 and vital exhaustion. 9 At the moment, there is no generally agreed-upon definition of the burnout syndrome. It is not present as a psychiatric diagnosis in the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, 7 and in the ICD-10 (the 10 th revision of the International Classification of Diseases 10 ), burnout (diagnosis Z73.0) is broadly defined as "a state of vital exhaustion." In the research literature, burnout has been measured through questionnaires such as the Maslach Burnout Inventory 11, 12 and the Shirom-Melamed Burnout Questionnaire (SMBQ). 4, 5 Both scales emphasize the excessive-fatigue aspects of the condition, but the Maslach scale also includes components involving a cynical attitude toward work or clients and reduced personal efficacy. 12 Burnout is suggested to be caused by long-term work stress or overload. 1, 11, 13, 14 The mechanism behind burnout is unknown, but one of several possible hypotheses is that stress-induced sleep disturbances in the long run may lead to mental and physical exhaustion, which are the main features of burnout. This hypothesis receives support from self-reports of disturbed sleep in subjects scoring high on burnout. [14] [15] [16] It also receives support from a number of epidemiologic studies that point to a strong link between stress and sleep. [17] [18] [19] In fact, stress is often considered to be the primary cause of persistent psychophysiologic insomnia. [20] [21] [22] [23] Recent epidemiologic studies have also shown a connection between disturbed sleep and later occurrence of cardiovascular disease [24] [25] [26] and diabetes type II. 27 It is plausible that such a connection also may exist for burnout. Since shortened or fragmented sleep is related to daytime sleepiness and impaired cognitive performance, [28] [29] [30] [31] [32] [33] disturbed sleep might provide an important link between the state of chronic stress and the complaints of fatigue and cognitive dysfunction seen in burnout.
There is, however, a lack of data regarding sleep physiology in burnout groups. For subjects suffering from a somewhat similar state, vital exhaustion, decreased amounts of slow-wave sleep (SWS) have been shown. 34 Possibly, this could hold also for burnout subjects. Because burnout may develop over a long period of time, it would be of importance to find early signs of the condition in order to be able to prevent further development. Sleep disturbance could be one such sign. Other aspects of impaired recovery may also be of importance in the development of burnout, such as difficulties in relaxing, or being able to cut off from work during leisure time.
The present study aimed to investigate physiologic and subjective aspects of sleep before a workday and a day off in a group of young apparently healthy subjects scoring high on burnout, but who are still working. The weekend sleep was included because it is seen as a major time for recovery. The purpose was also to investigate the diurnal pattern of sleepiness on a workday and on a day off. Ratings of work stress, mood, and recovery during leisure time were included to describe the groups with respect to burnout-related variables.
METHODS

Subjects
The study was carried out in an information technology company subjected to a high production pressure. A questionnaire was distributed to all employees concerning stress at work, health, sleep, and lifestyle. Of the 676 employees, 414 completed the questionnaire, and 49.3% of the responders perceived their work situation as "very" or "extremely" stressful during the last year. To discriminate subjects on burnout symptoms, we used the SMBQ, 4, 14, 35 which in earlier studies was found to be positively associated with both episodic stress and chronic work stress. 4, 14, 35 A modified version of the SMBQ was used, graded 1 to 4, with 4 being almost always (linear transformation: 2.5 on the modified version equaled 4.5 on the original version). The 4-grade scale correlated highly with the original 7-grade scale (r = .78, P < .001) administrated 2 months later to the selected sample.
The respondents from the initial questionnaire were allocated to a high-and a low-burnout group based on their total scores on the modified SMBQ. Inclusion criteria for the high-burnout group was set to ≥ 2.75 (representing 6% of the original sample), based on clinical data from our stress clinic, 16 and to ≤ 1.5 (representing 14% of the original sample) for the low-burnout group. Twelve subjects among the high-burnout group were randomly selected, all of whom agreed to participate in the study. Twelve control subjects were thereafter selected among the low-burnout group, meeting the matching criteria: sex, age, and experience in the company. If more than 1 individual in the low-burnout group met the matching criteria, selection between these individuals was made randomly. Two selected subjects in the control group declined participation and were replaced by 2 others, selected from the low-burnout group as described above.
Of the 24 individuals included in the study, 14 were women and 10 were men, with an age range of 24 to 43 years (see Table  1 ). After recruitment, the subjects were given verbal information about the procedures, and all subjects gave written informed consent to participate. There was no monetary incentive involved. The study was approved by the ethics committee of the Karolinska Institute.
There were no statistically significant differences between the groups with respect to age, body mass index, waist-to-hip ratio, exercise, alcohol intake, smoking, or sociodemographic values (Table 1) .
Procedure
Ambulatory polysomnographic recordings were carried out in the subject's home 1 night between 2 working days and 1 night after a working day and before a day off (balanced design). During the workday after the sleep recording, a morning blood sample was taken, ambulatory blood pressure was recorded for 24 hours, and repeated saliva samples (9 times) were collected to measure free cortisol concentrations. In conjunction with the physiologic assessment, the participants completed a questionnaire to assess the current sleep pattern, health status, medication use, work situation, and performance. Results regarding the polysomnographic recordings will be presented here, and results regarding other physiologic measurements will be presented elsewhere.
The sleep-wake pattern across days was monitored continuously during 2 weeks with actigraphy (Actiwatch  , Cambridge Neurotechnology, Ltd., Cambridge, UK) and with sleep-diary ratings completed upon awakening. Daytime ratings included acute sleepiness, perceived physiologic activation, and mental fatigue every 2 hours from awakening to bedtime. The diary also included questions about work performance, health, and stress symptoms. The 7-graded SMBQ 4 was completed in the evening prior to EEG recordings. 
Measurements
Sleep was recorded polysomnographically using Embla recorders (Flaga hf, Reykjavik, Iceland) with 2 electroencephalographic (EEG) derivations C3-A2 and C4-A1, 1 chin electromyographic derivation, and 2 electrooculogram oblique derivations. Ag/AgCl electrodes were used. The sampling rate was set at 100 Hz. To reduce the impact of low-frequency artifacts (relevant for 4 subjects in each group), a 0.8-Hz high-pass filter was applied for 1 channel during scoring. This was carried out for all recordings to ensure that the amount of SWS would not be affected. The epoch-to-epoch mean correlation with the filter set at 0.5 and at 0.8 Hz respectively was r = 0.94 (range: 0.91-0.97). To ensure that the filter setting did not affect the results, sleep scoring was compared between the 2 settings. No differences were found for any sleep stage, but there was a trend toward more stage 3 and reduced stage 4 sleep for the 0.8-Hz setting. SWS (stage 3+4) was not affected. Sleep stages were scored visually in 30-second epochs according to Rechtschaffen and Kales criteria. 36 Arousals were scored using the American Sleep Disorders Association criteria. 37 For an arousal to be scored, it had to last for more than 3 seconds and for less than 15 seconds. At least ten seconds of uninterrupted sleep were required before every arousal for it to be scored, even if there was more than 1 arousal in the same epoch. An arousal was defined as an EEG shift to at least alpha activity from stages 2 to 4 or rapid eye movement (REM) sleep. During REM sleep, an increase in electromyographic activity was required.
The diary consisted of 1 sleep diary, the Karolinska Sleep Diary (KSD) 38 and 1 daytime diary. The KSD was filled out after awakening each morning. It contained 10 specific items with 5 response alternatives as well as a global appreciation of sleep. Four items formed a Sleep Quality Index, based on their close covariation 38 -sleep quality, calmness of sleep, ease of falling asleep, slept throughout. An Impaired-Awakening Index was also used, including the items feeling refreshed after sleep and ease of rising. The KSD has been validated against polysomnography and has shown significant correlations with objective sleep parameters. 38 The daytime diary included questions concerning the workday, cognitive efficiency, rest or recovery after work, and health complaints. In the present study, only the recovery index, Thoughts about work during leisure time, was used (including the items difficulties letting go of thoughts about work during leisure time, been thinking about work or a work task this evening, and feeling stressed about an unfinished work task (Cronbach α: .929). 39 Acute sleepiness was measured every hour during the day after the sleep recordings using the Karolinska Sleepiness Scale (KSS) ranging from 1 (very alert) to 9 (extremely sleepy). 40 Subjective physiologic activation was measured every second hour on a scale ranging from 1 (very relaxed) to 9 (very activated). In the present study, only the bedtime value from the days before the sleep recordings were used.
The Karolinska Sleep Questionnaire (KSQ) 41 assesses habitual sleep quality through 13 items on 3 dimensions: Sleep Quality (including the items sleep quality, calmness of sleep, ease of falling asleep, and sleep throughout the allotted time); Sleepiness (sleepy during work and leisure, tired eyes, involuntary naps at work, involuntary naps during free time); and Impaired Awakening (difficulties rising and not well rested after sleep).
The response alternatives were 1 (almost every day) to 5 (never). Snoring constituted an additional item, with the same response alternatives. Also, a diurnal type scale 42 was used to measure morningness versus eveningness.
Questionnaires assessed sociodemographic variables such as health, habitual sleep, stress, and work conditions. In addition, the Hospital Anxiety and Depression scale (HAD) was used. 43 HAD has been tested and evaluated in different groups as a useful instrument because of its brevity, simplicity and lack of effect of somatic conditions. [43] [44] [45] It has shown strong correlations with the Beck Depression Inventory and the Spielberger State Trait Anxiety Inventory in a Swedish sample. 46 The SMBQ 5 consists of a list of 22 symptom sentences measuring different facets of the burnout syndrome: emotional exhaustion and physical fatigue (8 items, such as My batteries are emptied, and I am fed up); tension (4 items, such as I am tense and I feel restless), listlessness (4 items, such as I feel full of vitality [reverse scored] and I feel active [reverse scored]); and cognitive weariness (6 items, such as I feel disorganized lately and My head is not clear). Each item was scored on a 7-point scale graded from 1 (almost never) to (7 almost always). For purposes of data reduction, the overall burnout index was calculated for each participant, with a reliability coefficient (Cronbach α) of 0.90. This index correlates highly with the emotional exhaustion subscale of the Maslach Burnout Inventory 12 and with the Pine Burnout measure 47 in a recent study of burnout in women. 15 
Statistical Analyses
Differences between groups were analyzed using t tests and 2-factor repeated measures analyses of variance (ANOVA), the latter with Greenhouse-Geisser correction for sphericity. 48 For purposes of data reduction, mean values of sleepiness (for the measures at 9:00 AM-10:00 AM, 11:00 AM-12:00 noon, 1:00 PM-2:00 PM, 3:00 PM-4:00 PM, 5:00 PM-6:00 PM, 7:00 PM-8:00 pm) were computed before being entered into the ANOVA. Since the groups did not differ with respect to background variables, the latter were not included as covariates. All values in the analyses are expressed as mean ± SEM. All calculations were carried out using Statview software (version 5.0.1; SAS Institute Inc, Cary, NC) and SPSS 10.0 for Macintosh (SPSS Inc., Chicago, Ill). Table 2 shows the results of the polysomnographic measurements. There were significant main effects of group with respect to total number of arousals and number of arousals per hour, which both were higher for the high-burnout group. Sleep efficiency tended to be poorer in the high-burnout group but did not reach statistical significance. Significant effects of day were found for bedtime, rise time, total sleep time, stage 2 sleep, and REM sleep, which showed that both groups went to bed later before the day off and rose earlier and slept shorter amounts of time before the workday. Both groups showed more stage 2 and REM sleep before the day off. No significant interaction effects were found. Figure 1 shows the diary ratings of sleepiness on the workday and on the day off after the EEG recordings. Results from repeated-measures ANOVA showed no significant main effect of group, but significant main effects of day (F 1,18 = 7.0; P < .05), time of day (F 1,126 = 29.1; P < .001), and interaction (Day × Group: F 1,18 = 7.0; P < .05). There were no other significant interaction effects. The time-of-day pattern was U-shaped across the day for both groups. The significant interaction (Day × Group) indicated that the difference between the groups differed between days, that is, the groups were equally sleepy during workdays but differed during the day off. Results of t tests showed higher sleepiness levels for the high-burnout group compared to the low-burnout group in the morning and afternoon (see Figure 1) on the day off.
RESULTS
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(F 1,63 = 14,7; P < .0001). For the low-burnout group, a significant effect of day was found (F 1,9 = 14,7; P = .004), as well as of time of day (F 1,63 =16,1; P < .0001) and interaction (F 1,63 = 2,8; P = .042). Paired t tests within the low-burnout group for each point in time on the different days showed significantly higher alertness on the day off at awakening and in the middle of the day (see Figure 1) . Differences between the groups in sleepiness on the day off were tested with t tests; ***P < .001; **P < .01; *P < .05. Paired t tests within groups compared sleepiness levels for each point in time on the different days; +++ P < .001; ++ P < .01; + P < .05. aw refers to awakening; bt, bedtime.
Sleep Diary Ratings and Daytime Ratings the Day After the EEG Recordings
ings. The sleep diary showed significant main effects of group and of day with respect to sleepiness (KSS) at rise time, impaired awakening, and sufficient sleep. The high-burnout group showed poorer values in all cases. Both groups were sleepier at rising on the workday compared to the day off. Both groups also experienced fewer awakening problems on the day off, but significant interaction effects for KSS at rise time, as well as for impaired awakening, indicating that the high-burnout group did not feel as refreshed upon awakening on the day off as did the low-burnout group. Regarding the ratings on the SMBQ, the high-burnout group showed higher scores. Both groups rated fewer burnout symptoms in connection with the day off.
Daytime diary ratings the days after the EEG recordings showed no differences between the groups or between days for perceived time pressure but a significant effect of group for 'Thoughts about work during leisure time', which the highburnout group rated higher. There was a significant effect of Day for "sufficient rest during the day"; both groups showed better values on the day off. There was no significant interaction effect, except for self-rated health, which the low-burnout group rated better on the day off but the high-burnout group rated about the same on the workday as on the day off.
No differences were found between the groups for rated working hours, workload, or work pace during the workday. However, there was a significant difference between the groups in satisfaction with work performance, which the high-burnout group rated lower. Table 4 shows questionnaire data for work stress, mood, and habitual sleep. Work demands were significantly higher in the high-burnout group, but neither decision latitude nor support from managers or colleagues differed significantly between the groups. Indicators of habitual impaired recovery as "Persistent thoughts of work," "Work interferes with leisure time," and the items indicating degree of 'bringing work home' and 'working on weekends' showed significantly worse values for the highburnout group. HAD-Anxiety, HAD-Depression, and the 3 sleep indexes also showed significantly worse values for the highburnout group. Snoring varied significantly between groups (tested by Mann Whitney U test due to lack of variance in the lowburnout group), with more complaints of snoring in the highburnout group. However, no significant correlation was found between mean number of arousals per hour (mean of the 2 sleep recordings) and self-reported snoring (r = -.116, P = .621).
Questionnaire Ratings of Work Stress, Mood, and Habitual Sleep
Nine subjects (75%) within the high-burnout group scored at or above the clinical cut off (≥ 11) for HAD-Anxiety, and 3 subjects (25%) within the high-burnout group scored at or above the clinical cut off (≥ 11) for HAD-Depression. 43 No one in the lowburnout group scored at or above the clinical levels for either HAD-Anxiety or HAD-Depression. To control for effects of anxiety and depression on the frequency of arousals per hour, repeated-measures analysis of covariance (ANCOVA) were carried out with HAD-Anxiety and HAD-Depression scores, respectively, as covariates. The effect of burnout group on frequency of arousals remained significant after controlling for HAD-Anxiety scores (F 1,20 = 5.290; P = .032). Since depression to some extent overlaps with fatigue, controlling for total HAD-Depression may confound the relation with burnout. Therefore 1 item that could be categorized as a fatigue item ("It feels as if I am slowed down") was omitted from HAD-Depression scores before the ANCOVA was computed. The result showed that the effect of burnout group on frequency of arousals remained significant after also controlling for depression scores (F 1,20 =4,491; P = .047). The ANCOVA showed no significant main effect of anxiety (F 1,20 = 2,145; P = .159) nor of depression (F 1,20 =1,157; P = .295) on frequency of arousals per hour. Correlation analyses were also carried out to further investigate the relation between the polysomnographic parameters and the mood states of anxiety and depression. The analyses showed no significant correlation between any of the EEG parameters and depression or anxiety scores.
DISCUSSION
Subjects with high levels of burnout symptoms, but who were working, showed an increased frequency of arousals during sleep compared to colleagues scoring low on burnout. In addition, the high-burnout group reported more awakening complaints on both the weekday and the day off. The low-burnout group showed increased alertness on the day off compared to the workday, but the high-burnout group did not.
Since the high-burnout group showed a higher frequency of arousals for both recordings, the results seem relatively robust. Because there are no well-established norms on what is considered a normal level of frequency of arousals during sleep, there is a possibility that the present results could be due to an abnormally low frequency of arousals in the controls rather than an abnormally high level in the high-burnout group. This does not seem likely, however, because the screening of the subjects did not explicitly involve sleep. Furthermore, Guilleminault et al 49 have suggested a cut-off point at 10 arousals per hour for abnormal values. Thus, the mean frequency of arousals per hour in the present study exceeded this cut off for the high-burnout group but not for the low-burnout group.
To our knowledge, this is the first polysomnographic study on subjects who have high burnout scores but continue to work. Thus, there are no data with which to compare. However, in patients on long-term sick leave due to burnout, we have found a similar increase in arousals but also decreased sleep efficiency and SWS, as well as increased sleep latency (unpublished results). The present group was young and able to work, whereas the patients (referred to above) had been suffering from fatigue and stress over a long period of time and had been on sick leave for 3 months or longer. It is conceivable that the longer the period of exposure to stress and burnout symptoms, the wider the range of effects on sleep may become. Still, because of the crosssectional nature of the present study, we cannot draw any conclusions about whether the sleep fragmentation reflects early signs of burnout. On the other hand, it seems reasonable to assume that long-term exposure to repeated sleep fragmentation may result in high fatigue levels, since experimental sleep fragmentation has pronounced such effects, 29, 30 as has fragmentation related to respiratory obstruction. 50 This hypothesis needs to be explored in longitudinal field studies and in experiments with fragmentation across several nights. Interestingly, the sleep fragmentation in the present study was not accompanied by any concomitant reduction of total sleep time for the high-burnout group. This suggests that there may not be any need for reduced total sleep time to occur to produce effects on daytime functioning or alertness. The recuperative value of sleep as a function of sleep continuity versus total sleep time is presently debated in sleep research. 30, 51 The small size of the groups may have made it more difficult to find significant differences. Power analysis shows, for example, that sleep efficiency would have been significantly lower in the high-burnout group with an increase of only 3 subjects per group (effect size = 0.70). Other sleep variables would not have been affected, however, by a moderate increase of sample size, which suggests that sleep fragmentation was the main aspect of sleep that differed between the groups.
The subjective ratings provide further insight into the difference between the high-and low-burnout groups. The diurnal pattern of sleepiness did not differ between the groups during the working week, but a large difference emerged during the day off. This suggests that recovery did not occur during the weekend for the high-burnout group, presumably due to the continued high level of arousals during weekend sleep, accumulated fatigue after the working week, or both. The lack of difference, between the groups, in alertness during the working week could be due to fatigue being suppressed during the working week through, for example, masking mechanisms, as has been suggested by Hockey. 52 Interestingly, subjective sleep quality (diary ratings) was not impaired in the high-burnout group but awakening quality was. The difference in awakening complaints between the groups was particularly apparent during the days off. One would have expected perhaps to see sleep quality rated as worse, since the questionnaire ratings reflected poor habitual sleep quality. However, judging from the polysomnography results, the sleep disturbance was moderate and any overall quality impairment may not have been perceived on the particular night in question. The questionnaire results, on the other hand, confirm the previous observations of reduced habitual sleep quality, 14, 15 as well as higher levels of sleepiness and impaired awakening in subjects scoring high on burnout.
Despite the fact that diary ratings of workload, work pace, or time pressure were equal in the two groups, the high-burnout group showed decreased satisfaction with work performance and higher amounts of thoughts about work during leisure time. The latter may reflect a reduced capacity to mentally relax from work during the time off work, which could be a factor of importance in the process of developing burnout symptoms or staying well. Akerstedt et al 41 have shown "persistent thoughts" (a reduced ability to stop, or avoid, thoughts about work when off work) to be a strong predictor of sleep disturbances.
That rated workload did not differ between groups for the workday after the sleep recording contrasts to the results of the questionnaire, in which the high-burnout group scored higher on work demands. However, workload is bound to vary day by day, and the questionnaire also showed a higher degree of bringing work home, working on weekends, and more complaints of work interfering with leisure time for the high-burnout group. This suggests a pattern of long-term stress and impaired recovery in the high-burnout group, which, together with difficulties letting go of thoughts about work during time off, may have contributed to the sleep fragmentation seen in this group. An interesting question for further study is to what extent the vague border between work and leisure time indicated in the present study may contribute to sleep disturbances. Furthermore, impaired recovery, such as that indicated above for the high-burnout group, may constitute a possible link to clinical burnout because it may lead to a sustained strain, or a higher allostatic load. 53 In recent studies, the latter has been connected to fatigue, [54] [55] [56] [57] decline in cognitive performance, and stress-related diseases. 16, 58, 59 The present groups were selected solely on burnout level. However, the groups also differed in depression and anxiety scores. Similar observations have been made in other studies 15, 60 and should be viewed against the fact that depression scales load rather heavily on fatigue and that anxiety symptoms are part of the burnout syndrome. 3 Due to this overlap in clinical symptomatology among burnout, anxiety, and depression, no exclusion criteria were set regarding anxiety or depression scores in the present study. Instead, anxiety and depression scores were used as covariates in repeated measure ANCOVA to control for effects of these mood states on frequency of arousals. Because depressive states share the fatigue component with burnout, 1 item that could be categorized as a fatigue item ("It feels as if I am slowed down") was omitted from the HAD-Depression scores before the ANCOVA were computed. The fact that the significant effect of burnout group on frequency of arousals remained after controlling for anxiety as well as for depression indicates that the sleep disturbance was connected to the level of burnout rather than to the level of depression or anxiety. This was supported by the lack of significant effects for these covariates in the ANCOVA. To further investigate the relationships between mood states and sleep, all the polysomnographic parameters were correlated to anxiety and depression scores, respectively, but no significant correlation was found.
In this context, one should also consider the possibility of effects of snoring or sleep apnea on sleep. Such influences seem unlikely, however, because no significant correlation was found between snoring and number of arousals and there were no differences between the groups according to age or body mass index. Also, in Ekstedt et al (another paper using the same material), 61 snoring was tested in a stepwise multiple regression analysis against frequency of arousals during the sleep before the workday, but did not enter the regression model. Notably, both groups showed lower amounts of SWS than what is usually seen in normal sleepers in this age group. 62 Why these low amounts of SWS were seen in both groups is unclear, but one possibility is work-related stress, or stress related to the EEG procedure.
The present results suggest a moderate sleep fragmentation and impaired recovery on days off in the burnout group. This should be viewed against the fact that the groups were small and that the participating subjects were all working, highly motivated, young people who were in good physical condition with respect to body mass index and waist-to-hip ratio. Obviously there is a need for studies of groups in different phases of burnout development that would, preferably, include longitudinal follow-up studies.
